Simulation of Tropical Cyclones Over
1880-2007 Using a 100km Global
Atmospheric General Circulation Model

Obijective:

Given published successes in dynamically modeling recent TC
history & interest in longer term changes of TCs:

Can we use an SST-forced AGCM to recover century-scale
changes in TCs?

Or perhaps:

What are key factors limiting our ability to confidently use an
SST-forced AGCM to recover century-scale changes in TCs?
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Methodology

Use 100km version of GFDL HiRAM

— Zhao et al. (2009, 2010) use 50km version and recover
many aspects of 1982-2008 TC frequency

Force using SST, CO, and O,

Begin with 1982-2007 period, move to 1880-2007
Integrations.

Explore multiple SST reconstructions

Compare to records of TCs lasting 2-days or longer
(motivated by Landsea et al. 2010, Villarini et al. 2011.3)



100km Model Recovers General Global
Climatological TC Distribution
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When forced with HadISST, model recovers
much of recent variability and trend
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Over 1982-2007 (satellite SST era), SST
reconstructions differ by tenths of °C
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Recent Model NA Trend Extremely Sensitive to SST Used
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NA Regression to SOl Depends on SST Used.

Interannual NA Frequency Correlation to Obs:
HadISST Forced: 0.76 ERSST Forced: 0.71
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Pressure Level (hPa)

Pressure Level (hPa)

Should we have included volcanic aerosol forcing?

(a) 1982-2007 Trend in Tropical Mean Air Temperature
per Unit Tropical SST Trend (K/K)
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NCEP’s cooling of upper trop. and TTL is influential
in studies modeling NA TC Freq. (e.g., Emanuel et
al. 2008, Knutson et al. 2008, Emanuel 2010,
Garner et al. 2009)

MY OPINION: NCEP trend likely spurious.

However, model recent TTL trend agrees with
radiosondes better if include volcanoes.
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Cautiously proceed to century-scale runs

e SST known less well before 1982 — already an issue post-1982

* Observed storm frequency known much less well before 1970s or 1960s
(depending on basin)

* We had already done integrations w/o volcanic aerosols — these
computers don’t exist anymore

 What other issues will creep up?
1880-2005 Linear Trend in Reconstructed Historical SST Anomaly
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AGCM Indicates Long-term Decrease in W. Pacific

(c) West Pacific
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SST-Forced AGCM

Coupled Climate Model

Model SST-Evaporation Correlation

Correlation of Local Surface Temperature and Local Evaporation (1901-2000)
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Cautious about over-interpreting modeled TC decrease in West Pacific, since
AGCMs can show an incorrect relationship between SST and evaporation (and
precip.) over Warm Pool (and elsewhere).
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AGCM Indicates Substantial Decadal Variability in E. Pacific

Recent decadal anti-correlation in EP & NA, but model does not show it long-term.
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AGCM Indicates Substantial Multi-Decadal Variability in NA

Very sensitive to SST product. Does it agree with obs?
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Mean Seasonal TS Count in Epoch
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ERSST-forced run fails to capture even basic
character of past NA multi-decadal variability

(a) Observations (dark IBTrACS, light adjusted)
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(c) ERSST-forced AGCM (95% confidence interval on single realization)
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Differences between ERSST- and HadISST-forced runs consistent with

model sensitivity and observed statistical relation to “relative MDR SST”.

Model North Atlantic Tropical Storm Frequency (unscaled)
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Summary

100km SST-forced AGCM can recover similar TS frequency (not intensity) skill as
50km version: climate controls on TS freqg. at large (100s of km) scales?

NA interannual correlation not strongly affected by inability to correctly capture
trend, multi-decadal variability or aspects of ENSO response.

Poor & Absent long-term TS records limit confidence in skill evaluation.
Recent NA trend and century-length multi-decadal variability from SST-forced
AGCM strongly sensitive to SST product used:
— Consistent with model sensitivity and observed statistical relationship to patterns of SST.
— Product of SST forcing? Use (semi-)coupled model?
— Absence of relevant forcing (e.g., volcanoes)?

— If ‘correct’ sensitivity: to predict “1995”, need to predict SSTs better than we know
them.

AGCM show century-scale decrease in WP freq.
— Consistent with 50km model sensitivity to CO2 directly and tropical warming.
— How do we interpret given AGCM/warm pool issues?

Model shows EP dominated by decadal variability, distinct from that in NA.
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